
THE MANAGEMENT OF APOLLO 

George M, Low 
Acting Adminis t ra tor  

Na t iona l  Aeronaut ics  and Space Admin i s t r a t i on  
Washington, D. C ,  

a t  
The Royal Aeronaut ica l  S o c i e t y  

London, England 

A p r i l  7 ,  1971 

INTRODUCTION 

Ten yea r s  ago today ,  man had n o t  y e t  flown i n  space.  

But t e n  yea r s  ago today,  t h i n g s  were about  t o  happen: 

-- on A p r i l  12 ,  1961, Yuri Gagar in ,  a  Russian,  was 

t h e  f i r s t  man t o  f l y  i n  space;  

-- on May 5,  1961, Alan Shepard w a s  t h e  f i r s t  American 

t o  e n t e r  space;  and 

-- on May 25, 1961, t h e  United S t a t e s  made a n a t i o n a l  

commitment: t o  land men on t h e  moon b e f o r e  t h e  

end of t h e  decade. 

The rest  i s  h i s t o r y .  I n  J u l y  1969, t h i s  commitment was 

m e t ,  when N e i l  Armstrong and Buzz Ald r in  l e f t  a  message on 

t h e  moon: "Here men from e a r t h  f i r s t  set  f o o t  upon t h e  
A 
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moon, came i n  peace f o r  a l l  mankind." 



Even i n  r e t r o s p e c t ,  t h e  job t h a t  had t o  be done s t i l l  

appears t o  be enormous. Government and indus t ry  teams 

were organized. Spacecraf t  and launch v e h i c l e s  were de- 

s igned,  t e s t e d ,  b u i l t ,  and flown. Huge f a c i l i t i e s  f o r  

development, t e s t ,  and launch came i n t o  being. A t  one t ime,  

300,000 people i n  20,000 i n d u s t r i a l  f i rms  were involved -- 
of course,  t h e  major i ty  of them were i n  fewer than 100 

major f i rms.  

The spacec ra f t  a lone,  t h e  Columbia and t h e  Eagle, 

were made of 17 tons  of aluminum, s t e e l ,  t i tan ium,  copper, 

and s y n t h e t i c  ma te r i a l s .  To t h i s  were added 33 tons  of  

p rope l l an t .  They had near ly  four  m i l l i o n  p a r t s ,  230,000 

f e e t  of wi re ,  more than 100,000 drawings, 26 major sub- 

systems, 678 switches,  and 410 c i r c u i t  breakers ,  all 

fashioned i n t o  two f l y i n g  machines t h a t  had t o  funct ion  

with p e r f e c t i o n  t o  perform t h e i r  assigned t a sks .  And on 

t h e  launch pad, these  spacec ra f t  were on t o p  of t h e  g i a n t  

Saturn V, more than 300 f e e t  t a l l ,  weighing s i x  mi l l ion  

pounds, gulping 5 .6  m i l l i o n  pounds of p r o p e l l a n t  through 



The c o s t  was a l s o  a s tagger ing  sum -- $20 b i l l i o n .  

But t h i s  was a t  t h e  low end of t h e  c o s t  range t h a t  was 

es t imated  when t h e  job was s t a r t e d .  And so ,  Apollo met 

a l l  of i t s  ob jec t ives .  We landed on t h e  moon, on t ime, 

and wi th in  t h e  p red ic ted  c o s t s .  

My purpose t h i s  evening i s  t o  t e l l  t h e  s t o r y  of Apollo 

from t h e  management p o i n t  of view. To do t h i s ,  I w i l l :  

-- s t a t e  why t h e  dec i s ion  t o  go t o  t h e  moon was made; 

-- d i s c u s s  who was involved i n  doing t h e  job; 

-- desc r ibe  how t h e  job was done; and 

-- cover s p e c i a l  s u b j e c t s ,  such a s :  

- t h e  l e v e l s  of dec i s ion  making, 

- NASA/industry r e l a t i o n s ,  

- t h e  importance of p e r i o d i c  reviews, and 

- t h e  importance of a t t e n t i o n  t o  d e t a i l .  

For my conclusions,  I w i l l  a t tempt  t o  genera l i ze  some 

of t h e  s a l i e n t  f e a t u r e s  of Apollo management, t o  summarize 

those  f e a t u r e s  t h a t  may we l l  be appl ied  t o  o t h e r  t a s k s  

t h a t  l i e  before  us.  



NH'f 
THE DECISION TO GO TO THE MOON 

1 -- Decision made on May 25, 1961 
-- String of Soviet firsts: Sputnik, Laika, Gagarin 

-- Produced by Soviet system 
-- Believed technological achievement implied military 

security 

-- Challenged publicly, dramatically, successfully . - U~~WU-U - cn r ,kt+ - - A  4- #& wL./oy, 

-- Unthinkable not to compete 4 
-- Only question: 

- how to compete - 

- to develop capability 

- to succeed 
- to demonstrate leadership 

-- Answer: 
- manned lunar landing 

- hard to achieve 

- far beyond existing capability 
- good probability of leapfrogging 

-- Most important: 
- simply stated goal 
- simply stated timetable 
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-- Equally important:  

- dec i s ion  announced by Pres iden t  

- approved by Congress 

- with f u l l  knowledge of u l t ima te  c o s t s  

-- Important a l s o :  

- announced t o  world 

- world would watch each s t e p  a s  we proqressed 

I -- No s p e c i a l  organiza t ion  o r  l e g i s l a t i o n  f o r  Apollo! 

-- I n  qovernment -- NASA 

I @ -- NASA e s t a b l i s h e d ,  1958, a c t  of Congress 

- t o  explore  space f o r  c i v i l i a n  purposes 

- only o t h e r  contender -- DOD -- ru led  o u t  

-- NASA nucleus -- NACA -- 8000 t e c h n i c a l  people, $100 

-- By 1961 -- $1 b i l l i o n  budget, l7,OOO people 

-- managed some s i z a b l e  p r o j e c t s  

-- N A S A ' s  r o l e  -- t h a t  of t e c h n i c a l  management 

-- Bulk of work c a r r i e d  o u t  by indus t ry  under NASA supervis ion  



I - To formulate o v e r a l l  d e s i s n  of mission and hardware 

hardware elements 

-- e .  g. , s t a g e s  

engines 

s p a c e c r a f t  modules 

guidance systems, e t c .  

1 - To provide o v e r a l l  s p e c i f i c a t i o n s  f o r  each hardware 

element 

- To provide d e t a i l e d  i n t e r f a c e  s ~ e c i f i c a t i o n s  

- To conduct an in-house t e s t  program J w b ~  -6&.lli 
* c C  

- To plan and conduct t h e  f l i s h t  ope ra t ions  - A  d.m4 

- To design each element of hardware 

I - To make o r  buy subelements 

- To supervise  t h e  subsystems development 



- TO test it - h i*~l(kC.J* # ~ w C  @ - ~ 1 l k  

- To deliver it 

- TO assist in launch and flight operations 
-- Authority and responsibility rested with NASA 
-- Most of work, people, money, in industry 

- Industry -- 300,000 people 
- NASA -- K o o o ,  0rs5% A+@ . 4 - ~  P a  4 

-- NASA organization: 

- HQ Program Office 

- Three Field Centers 
-- MSC role 
-- MSFC role 
-- KSC role 

-- No special industrial organization 
- individual firms did individual jobs 

HOW WAS THE JOB DONE? 

-- Will address hardware development, flight missions, and 
crew training 

-- Hardware development 
- Four significant aspects: 

-- design 



-- tes t  

-- understanding of f a i l u r e s  

-- change c o n t r o l  

- Desiqn 

-- combination of a i r c r a f t  and m i s s i l e  p r a c t i c e  and 

technology 

-- b u i l d  it simple,  then  double up on many components 

-- examples 

- a b l a t i v e  t h r u s t  chambers 

- hypergol ic  p r o p e l l a n t s  

- t h r e e  f u e l  c e l l s  

- s e r i e s / p a r a l l e l  redundancy 

-- most important:  minimize f u n c t i o n a l  i n t e r f a c e s  

between major hardware elements 

-- t h i s  s i m p l i f i e s  o rgan iza t iona l  i n t e r f a c e s  

-- Apollo example 

- 100 wires  between spacec ra f t  and boos te r  ( d n t  m % )  

- no func t iona l  wi res  between L M  and CSM -- mechani- , 

c a l  i n t e r f a c e  only 

-- t h e  r o l e  of man: 

- avoid t ed ious  r e p e t i t i v e  t a s k s  



- l e t  man s e l e c t  d a t a  sources ,  switch between 

redundancies,  back up automatic  systems 

- rendezvous/docking example 

- T e s t  

-- t h e  s i n g l e  most important  f a c t o r  lead ing  t o  Apollo 

success  

-- every p i e c e ,  p a r t ,  component, subsystem, system -- 
had t o  pass  p resc r ibed  tests 

-- h e r e  i s  where government/industry team r e a l l y  had 

t o  work a s  a  team 

-- government and i n d u s t r y  agreed on t e s t  cond i t ions  -- 
v i b r a t i o n s ,  temperature ,  stress, e t c .  d 

-- i n d u s t r y  performed tests -- i n  t h e i r  own f a c i l i t i e s ,  

o r  i n  government f a c i l i t i e s  

-- government approved r e s u l t s  

-- government and i n d u s t r y  worked t o g e t h e r  t o  r e s o l v e  
*d16 Pstol v m  ApoLCa, 

f a i l u r e s  o r  problems -- EXAMPLE * 
4-p (ut 

- Understandins of  F a i l u r e s  

-- many f a i l u r e s  dur ing t e s t  -- even dur ing  f l i g h t  
L)cp td @w(c.- ,3/tDdlktnj 

-- they  could have been major, n e a r l y  c a t a s t r o p h i c  -- 



-- o r  minor, l i k e  togg le  switch before  Apollo 8 

-- one c a r d i n a l  r u l e  -- a l l  f a i l u r e s  must be under- 

s tood,  and resolved before  t h e  next  f l i g h t  

-- go through togg le  switch example - 
-- r e q u i r e s  : 

- good t e s t  s p e c i f i c a t i o n s  

- complete and open flow of information 

- a b i l i t y  t o  r e a c t  quick1 when requi red  
--SP\\UU_ 4 u d L q  S ? i  - Control  of  Chanqes 

L 
-- system designed and t e s t e d  

- important not t o  change it 0 

- important t o  know i n  d e t a i l  impl ica t ion  of  

every change 

-- Changes a r e  r equ i red  t o  r e a c t  t o  t e s t  f a i l u r e s ,  

f l i g h t  mission requirements,  more d e t a i l e d  look a t  

design 

-- t h u s ,  it becomes of absolu te  importance t o  under- 

s tand  and c o n t r o l  changes 

-- desc r ibe  Configurat ion Control  Board 

- met 90 t imes June 1967 t o  J u l y  1969 

- considered 1,697 changes, approved 1,341,  

r e j e c t e d  356 



-- considered changes a s  l a r g e  a s  h a t c h ,  a s  smal l  a s  

b a l l p o i n t  pen 

-- l e v e l s  of  change c o n t r o l  de lega ted ,  t o  be d i scussed  

l a t e r  

-- CCB my major management t o o l  

- everyone, NASA and i n d u s t r y  could propose changes 

f o r  s a f e t y ,  e f f i c i e n c y ,  improvement, etc. 

- requirements ,  c o s t  and schedule  d i scussed  by a l l  

p r e s e n t  -- NASA and i n d u s t r y  

- d e c i s i o n  mine, b u t  immediate and i n  f r o n t  of aPP 

people 

- Summary on Hardware Development 

-- simple des ign ,  easy i n t e r f a c e s  

-- enormous t e s t  program 

-- understand a l l  f a i l u r e s  

-- c o n t r o l  a l l  changes 

-- F l i q h t  Missions 

- So f a r ,  t a l k e d  only  about hardware 

- Management of  f l i g h t  ope ra t ions ,  an equa l ly  important  

a s p e c t  of  Apollo 

. . - Sequence of -- --- --- a tLl.L33LUll=, 



-- t h e  t a s k  - b u i l d  up t o  luna r  landing with minimum 

number of f l i g h t s  I 
&),'k *r, K G C  - add reasonable increments 'b - 

-- what i s  b e s t  s e r i e s  of missions tn  a ~ +  +n t h e  m n n n  I 

i n  s h o r t e s t  per iod  of t i m e  - & h+d 4% : btlt 4 - ; C* *.( 
- -Apol lo  7 ,  8,  9,  10 ,  11 &l+t%+t,& ~ l -  - 1 r ~ p l . r  a8mAd 

k .C  b u w k  9 paAl - rL(  
- Mission techniques 

-- mission ~ l a n n i n a :  f i t  maximum n ~ ~ r n h - r  n f  t e c t ~  fa  rr 

-- d a t a  p r i o r i t y  -- examples ( L n  f 2 1 a  - - 
b4U d .& CL'r&) 

- given two o r  t h r e e  d a t a  sources  -- which one 

should be used 

- what a r e  l i m i t s ,  e t c .  

- F l i g h t  s imula t ion  

-- work o u t  step-by-step procedure 

- normal and emergency 

-- a game of "what i f ' s "  63, 
' r  - # - -  'c"" * 

-- r u l e s  f o r  every s i t u a t i o n  

- rendezvous rada r  f a i l u r e  before  sepa ra t ion  



-- t h i s  prepara t ion  and p r a c t i c e , i n  a  l a r g e  measure, 

respons ib le  f o r  success  of  f l i g h t s  t o  d a t e  

-- Apollo 11 computer alarm example 

-- Apollo 1 3  s a f e  r e t u r n  

-- Apollo 14 computer procedure 

- F l i g h t  crew prepara t ion  

-- another  equal ly  important management job -- w i l l  

no t  cover he re  because of time 

-- b u t  mention conf igura t ion  c o n t r o l  f o r  sof tware,  

mission r u l e s ,  crew procedures,  e t c .  and why! 

WHO MADE THE DECISIONS 

-- I n  answering t h a t  ques t ion ,  we must t ake  a  look a t  b a s i c  

o rgan iza t ion  involving: 

- The Pres iden t  

- The Congress 

- The Administrator  of NASA 

- The Apollo Program Off i ce  a t  HQ 

- The NASA f i e l d  c e n t e r s  - &q OCB qDcr 

- The prime and subcont rac tors  

-- Pres iden t  -- only one dec is ion:  t o  go t o  moon 

-- ~ n m m v n e -  +VIIYLGaD -- no decisiiiiis, but annuai approval of  budget 



-- NASA Administrator  

- Contractor  s e l e c t i o n  

- Review and approval of a  few of most important dec i s ions  

-- LOR 

-- Apollo 8 

-- HQ Program Off i ce  

- Basic weight and performance 

- F l i g h t  missions (e-g . ,  F mission, Apollo 10) 

- F l i g h t  schedule 

-- F i e l d  Center Program Off i ce  

- Hardware performance and conf igura t ions  

- Hardware changes 

- Contractor  management (prime) 

- Mission planning and execut ion 

-- I n d u s t r i a l  Cont rac tors  

- Subcontractor  s e l e c t i o n  

- Deta i led  des ign  

- Manufacturing p lan  and processes  

-- These were formal dec i s ion  l e v e l s :  

- They were genera l ly  changes t o  e x i s t i n g  documents 

a - Only t h e  man s ign ing  t h e  document could change it 



I -- There was a l s o  a  cont inuina .  o ~ e n .  i n f o r m a l  e ~ ~ h a n r - r e  o f  

- A l l  (HQ and con t rac to r s )  i n v i t e d  t o  my meetings 

- When it came time f o r  dec i s ion ,  t h e  r a t i o n a l e  f o r  

dec i s ion  was a l ready known t o  a l l -  

-- How, then ,  d i d  NASA and indus t ry  j o i n  t o  do t h i s  job 

- Formally -- through t h e  c o n t r a c t  

-- and through c o n t r a c t  changes 

I - Informally -- through meetings t o  h e l p  each o t h e r  do 

t h e  b e s t  t e c h n i c a l  job. 

-- It was t h i s  informal openness and t r u s t  t h a t  made t h e  

job go -- EXAMPLE (my two weeks i n  Downey?) 

-- P e r i o d i c a l l y ,  more formal reviews were held:  

- ~ e s i g n  reviews 

- Test  reviews 

- Acceptance reviews 

- P r e - f l i g h t  reviews 



ATTENTION TO DETAIL 

-- I hope one p o i n t  has  come through 

- That no d e t a i l  i s  too  small  t o  cons ider  

- Talk about switch on Borman's f l i g h t  

- P l a s t i c  i n  b a l l p o i n t  pen 

-- The knowledge t h a t  t h e r e  is  r i s k  i n  manned f l i g h t  

- That t h e  r i s k  i s  high 

-- And, t h e r e f o r e ,  t h a t  a l l  l e v e l s  of management must be , 

w i l l i n g  t o  r o l l  up t h e i r  s l eeves  and cons ider  t e c h n i c a l  

problems t o  t h e  most minute l e v e l  of d e t a i l .  

-- If I were t o  de f ine  t h e  one q u a l i t y  of  a  manager t h a t  i s  

t h e  most e s s e n t i a l  one, it i s  t o  ask t h e  r i q h t  ques t ion  

a t  t h e  r i q h t  t ime; and, of course,  be q u a l i f i e d  t o  

understand t h e  answer. 

-- When I w r i t e  my book, t h e  t i t l e  w i l l  be ,  "we d i d n ' t  ask  

t h e  r i g h t  quest ion.  " 

- Every f l i g h t  f a i l u r e  I have seen could have been 

avoided i f  t h e  r i g h t  ques t ion  had been asked i n  t h e  

f irst  place.  

-- You might aske me: how do you make su re  you ask  t h e  

right ques t ion?  



-- I cannot answer t h a t ,  The i n g r e d i e n t s  a r e  a l l  of t h e  

th ings  I have t a l k e d  about: 

- A simple design 

- Simple i n t e r f a c e s  

- A b a s e l i n e  and c o n t r o l  of changes 

- But above a l l ,  good people and a  f r e e  flow of communi- 

I have o f t e n  asked myself: what a r e  t h e  l e s sons  from 

Apollo? How can we apply these  l e s sons  elsewhere? How do 

you answer t h e  ques t ion ,  " i f  we can go t o  t h e  moon, why 

c a n ' t  we . . . 11 ? 

F i r s t ,  l e t ' s  be su re  we understand t h a t  Apollo was 

a  very s p e c i a l  program. 

-- Its goal  was s e t  by t h e  Pres ident .  

-- Its t ime tab le  was s e t  by t h e  P res iden t ,  

-- Both t h e  goal  and t h e  t imetable  were simply s t a t e d .  

Second, it was a  program t h a t  requi red  a  high l e v e l  

of technology, and d i d  n o t  r equ i re  t h e  s o l u t i o n  of any 



And t h i r d ,  it received t h e  cont inuing suppor t ,  without  

any ups and downs, from those  t h a t  provided t h e  funds. 

I n  r e t u r n ,  Apollo m e t  a l l  of i t s  o b l i g a t i o n s  t o  t h e  

Nation: t h e  goa l ,  t h e  t ime tab le ,  and t h e  p red ic ted  c o s t s ,  

I can genera l i ze  from Apollo only t o  a  s i m i l a r  c l a s s  

of program. S p e c i f i c a l l y ,  I would l i k e  t o  l i m i t  my con- 

c lus ion  only t o  programs t h a t  r e q u i r e  technologica l  solu- 

t i o n s ,  a s  opposed t o  those  t h a t  r e q u i r e  p o l i t i c a l ,  economic, 

o r  soc io log ica l  s o l u t i o n s .  But given t h a t  kind of a  

l i m i t a t i o n ,  I would t h i n k  t h a t  t h e  most important elements 

become : 

1. A c l e a r l y  s t a t e d  goa l ,  

2 .  A t imetable  t o  go with t h a t  goal ,  

3 ,  If poss ib le ,  a  completely open program, where t h e  

pub l i c  can measure progress .  

4. A c l e a r  understanding, a t  a l l  l e v e l s  of responsi-  

b i l i t i e s  and a u t h o r i t i e s ,  

5. Excel len t  people,  with open communications i n  

a l l  d i r e c t i o n s .  

6. And f i n a l l y ,  a  ded ica t ion  and d e s i r e  by a l l  t o  

meet t h e  e s t a b l i s h e d  goal. 




